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t i o n  when poss ib l e .  Two LCRU batteries provide 6 . 6  h r  of TV. 

5)  Dele t ing  one LCRU b a t t e r y  saves about 9 l b  of LM 
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An a n a l y s i s  has been made of a proposa l  t o  use LRV 
power f o r  t h e  LCRU and t o  reduce t h e  number of  LCRU bat ter ies  
carr ied from t h r e e  t o  two. The fol lowing conclus ions  are 
drawn : 

1) W o  LRV batteries provide ample energy f o r  LRV, 
LCRU, and post-EVA TV requirements.  Hence, LCRU bat ter ies  
should be used only  i n  cont ingencies .  Using LRV power f o r  
t h e  LCRU e l i m i n a t e s  t h e  t i m e  r equ i r ed  t o  s w i t c h  f r o m  LCRU 
t o  LRV power or  t o  change LCRU batteries dur ing  an EVA. 

2) T h e  nominal t r a v e r s e  p lan  cannot be performed on 
only  one LRV b a t t e r y ,  so  LCRU ba t te r ies  would have t o  be used 
i f  an LRV b a t t e r y  f a i l s .  Two LCRU ba t te r ies  provide a r e s e r v e  
of about 35% above nominal LRV energy requirements .  Three 
LCRU b a t t e r i e s  provide a 55% rese rve .  

3) If t h e  LRV i s  n o t  a v a i l a b l e ,  three LCRU bat ter ies  
w i l l  provide voice  communication through t h e  LCRU on three 
walking t r a v e r s e s .  Two LCRU bat ter ies  should a l s o  be able t o  
provide  vo ice  communication on three walking t r a v e r s e s  provided 
the  LCRU is  used only when communications through the LM are 
u n s a t i s f a c t o r y .  
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MEMORANDUM FOR FILE 

On Apollo 1 5 ,  t h r e e  batteries w e r e  c a r r i e d  t o  provide 
power f o r  t h e  LCRU, one f o r  each luna r  s u r f a c e  EVA. The LRV 
w a s  powered by t w o  of  i t s  own b a t t e r i e s  used s imultaneously.  
Pre l iminary  ana lyses  of t h e  LCRU energy requirements f o r  
Apollo 1 6  show t h a t  t h e  energy r equ i r ed  on each of t h e  t h r e e  
E V A ' s  w i l l  exceed t h e  c a p a b i l i t y  of a s i n g l e  LCRU b a t t e r y .  
Therefore ,  t i m e  w i l l  be requi red  t o  swi tch  t h e  LCRU from in -  
t e r n a l  t o  LRV power dur ing  each EVA and t o  change LCRU bat ter ies  
on E V A ' s  2 and 3 .  The t i m e  requi red  f o r  t h e  swi tch  over  t o  LRV 
power i s  i n s i g n i f i c a n t  if it i s  performed a t  a planned s t a t i o n  
s t o p .  About 3 or 4 minutes a r e  r equ i r ed  t o  change LCRU b a t t e r i e s .  
I n  order t o  e l i m i n a t e  t h i s  overhead t i m e ,  MSC has proposed t h a t  
a l l  power r equ i r ed  f o r  LCRU ope ra t ion  be supp l i ed  by t h e  LRV 
b a t t e r i e s .  Apollo 15 experience has shown t h a t  the LRV b a t t e r i e s  
have s u f f i c i e n t  capac i ty  t o  power both systems. I f  LRV power 
i s  used f o r  t h e  LCRU, t h e  LCRU b a t t e r i e s  become a contingency 
source  of power. MSC maintains  t h a t  only two LCRU bat ter ies  
provide  s u f f i c i e n t  energy f o r  any reasonable  contingency. There- 
f o r e ,  t hey  a l s o  propose d e l e t i o n  of one LCRU b a t t e r y  wi th  a 
r e s u l t i n g  LM descent  s t a g e  weight sav ings  of 9 l b  ( equ iva len t  
t o  1 / 2  sec of descen t  hover t i m e ) .  An a n a l y s i s  of t h e s e  pro- 
p o s a l s  fol lows.  

B a t t e r y  Capac i t i e s  and Energy Requirements 

The LRV batteries con ta in  a s p e c i f i c a t i o n  minimum of 
1 2 1  amp-hr of charge; however, t h e  l a s t  6 amp-hr of each b a t t e r y  
are considered unusable. Therefore,  t h e  LRV batteries are assumed 
t o  provide  115 amp-hr, or 4140 wat t -hr ,  of u sab le  energy. The 
LCRU batteries are expected t o  provide 400 wat t -hr  of u sab le  
energy.  

On Apollo 1 5 ,  t h e  LRV r equ i r ed  an average of 67.3 
watt-hr/km. LRV Operations Handbook d a t a  i n d i c a t e  t h a t  a 1 0 %  
i n c r e a s e  i n  power consumption due t o  t h e  rougher t e r r a i n  a t  
Descartes i s  a reasonable  estimate. Thus, 72 watt-hr/km is  
assumed t o  be t h e  Apollo 1 6  LRV requirement.  
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T h e  LCRU i s  assumed t o  r e q u i r e  1 2 4  w a t t s  wi th  t h e  TV 
on and 7 4  w a t t s  w i t h  t h e  TV off  when powered from t h e  LRV. 
These requirements are reduced about 15 w a t t s  each when LCRU 
i n t e r n a l  power i s  used because the D/C t o  D/C conver te r  between 
t h e  LRV bat ter ies  and t h e  LCRU i s  no longe r  i n  t h e  c i r c u i t .  

The Apollo 1 6  t r a v e r s e s  w i l l  involve  a t o t a l  of about  
30  km of a c t u a l  l u n a r  d i s t ance .  The LCRU w i l l  be powered up 
f o r  about 18.5 h r ,  15 h r  w i t h  t he  TV on and 3.5 h r  w i t h  t h e  TV 
o f f .  

The t o t a l  energy requirements f o r  a l l  t h r e e  EVA'S on 
Apollo 1 6  when both  the LRV and LCRU use  LRV power a r e :  

2120  watt-hr fo r  t h e  LCRU 

2160  watt-hr f o r  t h e  LRV 

4280  watt-hr t o t a l .  

Any post-EVA TV w i l l  r e q u i r e  f u r t h e r  energy. I f  LCRU b a t t e r i e s  
are used t o  power the LCRU, the  t o t a l  energy requirement is 
reduced by about 60  wat t -hr  p e r  LCRU b a t t e r y  used t o  d e p l e t i o n .  

Conclusions 

The fol lowing conclusions are drawn: 

1. Two LRV batteries provide ample energy f o r  LRV, LCRU, 
and post-EVA TV requirements.  Hence, LCRU batteries should be 
used only  i n  case of cont ingencies .  Using LRV power f o r  t h e  
LCRU e l i m i n a t e s  t h e  t i m e  requi red  t o  s w i t c h  from LCRU t o  LRV 
power o r  t o  change LCRU batteries du r ing  an EVA. 

2.  The nominal traverse p lan  cannot be performed on only 
one LRV b a t t e r y ,  so LCRU bat ter ies  would have t o  be used i f  an 
LRV b a t t e r y  f a i l s .  Using two LCRU bat ter ies  t o  d e p l e t i o n  w i l l  
leave an LRV b a t t e r y  r e se rve  of about 35% beyond t h e  nominal 
2160-watt-hr LRV energy requirement. Three LCRU bat ter ies  pro- 
v i d e  a 55% rese rve .  The LRV power consumption ra te  could go 
almost as h igh  as 1 0 0  watt-hr/km wi thout  exceeding t h e  capabi- 
l i t y  of one LRV b a t t e r y  p lus  two LCRU b a t t e r i e s .  

3 .  I f  t h e  LRV is  n o t  a v a i l a b l e ,  t h r e e  LCRU b a t t e r i e s  
w i l l  provide voice  communication through t h e  LCRU on t h r e e  
walking t r a v e r s e s .  Two LCRU b a t t e r i e s  should a l s o  be a b l e  t o  
provide  voice  communication on three walking t r a v e r s e s  provided 
the LCRU i s  used only when communications through t h e  LM are 
u n s a t i s f a c t o r y  . 

4 .  I f  t h e  D/C t o  D/C conve r t e r  f a i l s ,  LCRU b a t t e r i e s  must 
be  used t o  power the LCRU. Three LCRU batteries provide about  
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1 0 . 3  h r  of TV i f  t he  LM i s  used f o r  vo ice  communication r e l a y  
when p o s s i b l e  (assumes the LCRU is r e q u i r e d  f o r  voice-only 
communications only when t r a v e l i n g  i n  the  a r e a  of North Ray 
C r a t e r  and Smoky Mountain on EVA 3 ) .  Two LCRU b a t t e r i e s  pro- 
v ide  6.6 h r  of TV. 

5. Dele t ing  one LCRU b a t t e r y  saves about 9 l b  of descen t  
s t a g e  weight.  

2 0 13 -KPK- j ab K. P.  Klaasen 
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